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To elucidatethe type ofL3T4十Tcelldevelopingat theinitialphase of  
infectionwithBabesiamicfVtiandB．rodhaini，eXpreSSionsofgamma－interferon  

（1FNpY）andinterleukin－4（Il．r4）messengerRNA（mRNA）in splenic L3T4＋T  
CellfromB，micmtiL and且mdhaini－infectedmice were examined．The strong  

expression oflFN－Y mRNA was observedin splenic L3T4＋T cellfrom B．  

micmti－infectedmiceatdays3，6and9afterinoculation，WhereasinB・Tt，dhaini－  
infectedmicethestrongexpressionoflし4mRNAwasobservedatdays3and6  
afteriTlOCulation．Thisindicated that the subset of splenic L3T4＋T cells  
devdopltlg at theinitialphase ofinftction was he］perT cdltype－1ceJl，Which  

enhancedcell－mediatedimmuneresponseinB．micIDti，andhelperT ce11type－2  
Cel】，Whichinducedhumora】oneinB．7Vdhaini．Therefore，itwassuggestedthat  

the different outcome oftheinfectionwith B．micIT）tiand B．mdhainiin mice，  
non－】efhalandJelhal，reSpeCtive］y，reSulted from the developmentofdifferent  
SubsetofsplenicL3T4＋Tcellattheinitialphaseofinfection．  

IntraerythrocytlC prOtOZOa，B．micTVtiand B．rodhaini，CauSe different  
COurSeOfinfectioninmice（CoxandYoung1969；Inchleyetal．1987）．Briefly，B．  

micn）tiinfectionischronic andn〔）n－1ethal，WhereasB．1t，dhainEinfectionisacute  

andlethal．Our previous studydemonstrated thatL3T4＋T ce11s enhancedceIl－  
mediatedimmuneresponseattheinitialphaseofinfectioninB．miclt）ti－butnotin  
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B・TVdhaini－infectedmice（Shimadaetal．1996）．Therefore，thedifference。fthe  
rolesofL3T4＋Tce1．sintheprotectivecell－mediatedimmuneresponseatthe  
initialphase ofinfectionmight berelated tothe differencein thecourse of  
infectioJIWiththesetwoBabesia．   

It has been well－eStablishedthat L3T4＋T cellcanbedividedintotwo  

Subsets，helperTcelJtype－1（Thlcell）andtype－2（Th2ce］1），Onthebasisoftheir  
CytOkineproductionandregu］ationofimmuneresponses（PowrieandCofhan  
1993；Romagnani1992；Schmitzetal・1993）・Brieny，theformereellprbduced  
IFN－Yandinterleukin（1L）－2，andregulatedcell－mediatedjmmuneresponse，While  
thelattercellproducedlし4，IL－5，andIL－6，andregulatedhumoralone．ln  
addition，thecontributionofThlandTh2cellstotheresolutionorprogressionof  
infection have been documentedin severalparasiticinfections（Chan1993；  
Chensueetal・1993；CoxandLiew1992；KjngandNutman1991；Locksleyand  
Scott1991）・Therefore，tOClarifythetypeOfL3T4＋Tce11subsetsdevelopingat  
theinitialphaseofinfectionwithB・micTDtiandB・rOdhaini，theexpressionsof  
IFNLYandIし4mRNAinsplenicL3T4＋TcellsfromB．micTVti－andB．  

infectedrnicewereexaminedbyreversetranscrlPtaSeqpOlymerasechainreaction  
（RT－PCR）technique．  

MaleBALB／cmiceaged8weekswereinoculatedbyperitonealiIMeCtion  
withlxlO4per head ofB・mic7Vti－Or B・TVdhainiqparasitized erythrocytes・  
Spleniccellswerepreparedatanintervalof3daysuntilday12afterinoculation  

asdescribedpreviously（Shimadaetal．1992）．Then，the L3T4＋Tcells were  
COllectedbypaJmingmethod（WysockiandSato1978）．BrieflyJhebottomofa  

polystyrenePetridish（bacteriologicalgrade）wascoveredwith5mlofantirL3T4  
mAbsolution（GKl・5，IgG2b：kindlyprovidedfrom Dr．R．Lelchuk，Welcome  

ResearchLaboratories，Beckenham，Kent，U・K・，reCOnStitutedinto50mg／mlwith  
O・01MPl】S，PH7・4）・Thedishwasstoodovemightatroomtemperature（RT）．  
Afterdiscardingthesupematant，thebottomofthedishwascoveredwithO．2％  

bovineserumalbumininPBS（0，2％BSA－PBS）for30minatRT．Then，4mlof  

5xlO6cells／mlsplenicce11suspensioninO・2％BSA－PBSwereplacedonthedish  
andinctlbatedfor60minat40C．Afterincubation，thedishwaswashed3times  

WithPBStoreTT．OVenOn－adherentcells・Adherentcellswerecolleetedbyscraplng  
thebottomofthedishwitharubberpoliceman・TheperCentOfL3T4＋Tcellsin  

the adherent ce］ls was detemined by now cytometric analysIS aS described  
PreViously（Shimadaetal・1992）andtheadheren（Cellsincludingmorethan90％  

OfL3T4＋Tce11swereusedinRr－PCRassay・  
TheRNA wasobtainedfromcol】ectedcells asfollows．ThelO7cellswere  

SOlubiIized with solution－D（containing4M guanidinium thiocyanate，25mM  
SOdiumcitrateatpH7・0，0・5％sarkosyl，andO．1M2－merCaPtOethanol）andthen  
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RNAwasisolatedbypheno）／chloroform／isoamylextractionandprecLPltatedby  
isopropylalcohol，The precipitated RNA was washed with ethylalcohol，  
SOlubilized with solution－D，and reprecIPitated byisopropyJaJcohol・After  

WaShingwithethylalcohol，RNAwasresuspendedindiethylpyrocarbonate－treated  
Water．RNAconcentrationwasdetermined byabsorbanceat260nm．Thestrand  

SynthesisofcDNAoftheextractedtotalRNAwasperformedbyincubatingtotal  
RNAwi［hO・125mMoligod（T）■6，5UofcLonedmoloneymurineleukemiavirus  
reverse transerip【ase（ULlitedstatesBjochemicalCorp．，Cleveland，USA），4mM  
dNTtミ5mMMgC12，10mMTris－HCl（PH8・3），50mMKCl，1mMdithiothreitol，  

andlUofRNaseinhibitor（n）yObolnc／rbkyo，Japan）for20minat42OC・The  
Cl）NAproductwasthen amplified with2・5UofT五qDNApolyrnerase（PerkiJI  
ElmerCetusCrop■，Norwalk，USA），5mMMgCl2，10mMTris－HCl（PH8・3）・50  
mMKCl，andO．5pmol／mlofeachup／downstreamprlmeruSlngaProgramTemp  

CoTltrOISystem PC－700（AstecInc．，Tokyo，Japan）・Thefollowing primer pairs  
kindJy provided from Drs．Yoshitsugu MÅTSUMOTO，Department of Applied  

Tmmunology，UniversltyOfTokyo，andTakashiYOKOTA and Ken－ichiARAl，  

Departmen10f Molecular andl）evelopmentalBiology，Institute of Medical  
Science，UniversltyOfTokyo，WereuSed：upStreamPrlmer5l－CGCTÅCACACTG  
CATCTTGGr31ar）ddownslream prlmer5．－GGCTGGÅ「rCCGGCAACA－3－for  
IFN－Y，and upstream prLmer5．TGTCACAGTTrrrCAGCTGTÅrAGGG－3’and  
downstreamprimer5’－AACACCACAGAGAGTGAGCTCGTCT－3TforIL－4．The  

programconsistedoflcycLeof950Cfbr2min，fbHowedby30cycJesof95OC  
forl・5min，30cyclesof60OCforl．5mir），andlcyc］eof60OCforlmin．The  

PCRproductsweree］ectrophoresedon2％agarosege］andvisualizedbyethidium  
bromidestainlng・  

TheexpressionofbothIFNY andIし4mRNAinsplenic L3T4＋Tce11s  
fromB・micID［i－i】一fectedmjcewereobservedatday3afterir10Culation，Whereas  
OnlyIFN－YmRNAwasdetectedatdays6and9afterinoculation（Fig．1）．Since  
ThlandTh2ce11werereportedtodifferentiatefromThOce11thatJX）SSeSSeSthe  
Cy【okine profiles ofbo血ThZ and Th2cell（Mosmann and Moore199）），［he  
SubsetofsplenicL3T4＋Tcellatday3afterinoculationwasconsideredtobeThO  
ee］l・The expression of on］yIFN－Y mRNA at day6and9afterinoculation  
indicated the developmentofThlceIlin the spfeen at theinitia［phase ofB，  
micTT）fiinfection・SomeinvestlgatOrS SuggeStedLhat the subset ofsplenic CD4十  
（L3T4＋）T ce11was switehed from Thlto Th2cellduring the course of  
PlasmodiumchabaudiASinfection（StevensonandTaJn1993；rIbylor－Robinson  
and Phillips1992）・ln the present study，bothlFNrY andIL－4mRNAswere  
expressed aga川at day12afterinoculation・Therefore，the subset of splenic  
L3T4＋TcellmightbeswitchedfromThltoTh2cellaIday12afterinoculatlOn   
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in B. microti infection. 
On the other hand, L3T4+ T cells from B. rodhaini-infected mice expressed

IL-4 mRNA and also IFNγbut with a very weak intensity at day 3 and 6 after
inoculation. This indicated that Th2 cell was predominant in the spleen at the
initial phase of B. rodhaini infection, as supported by the observation that L3T4+ 

T cell from mice susceptible to Leishmania major infection produced large
amount of IL-4 within 3 days after inoculation (Locksley and Scott 1991; Scott 
1991; Scott et al. 1989). Additionally, the expressions of only IFN-y mRNA was 
detected at days 9 and 12 after inoculation, indicating the change of T cell subset 
from Th2 to Th 1 cell. 

B. microti B. rodhaini

y-lFN

IL融4

0 3 6 9 12 0 3 6 9 ·12

Days after inoculation Days after inoculation 

Figure 1. Expressions of IFN y and IL-4 mRNA in splenic L3T4 positive T cells after 
Babesia microti and B. rodhaini inoculation. 

The present data demonstrated that the subset of splenic L3T4+ T cell 
developing at the initial phase of infection was predominantly Thl cell in B.

microti-infected mice, and Th2 cell in B. rodhaini-infected mice, respectively. In 
Leishmania major infection, Thl cell was activated in resistant mice at the initial 
phase of infection, whereas Th2 cell developed in susceptible mice (Heinze! et al. 
1989; Locksley and Scott 1991; Scott 1991). Furthermore, Stevenson et al. 
suggested that induction of a strong Th2 cell response at the early prime of 
infection lead to a lethal course of malaria. Therefore, it was suggested that the 
different course of infection between non-lethal B. microti and lethal B. rodhaini 
infection in mice resulted from the development of different subset of splenic 
L3T4+ T cell at the initial phase of infection. 
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